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Abstract

Previous studies have shown that  incubation of  late apoptotic cells (LACs) 
with  plasma  leads  to  a  reduction  of  nuclear  staining  with  the  DNA  binding  dye 
propidium  iodide  (PI)  and  a  concomitant  release  of  nucleosomes.  Healthy  donor 
plasma  contains  a  yet  unidentified  serine  protease  that  is  instrumental  in  these 
phenomena and this protein is referred to as nucleosome releasing factor (NRF). SLE 
patients develop antinuclear antibodies (ANA) that may interfere with NRF.

We investigated the NRF activity in plasma from SLE patients. Late apoptotic 
Jurkat cells were incubated with SLE plasma or healthy donor plasma and the cells 
were  stained  with  PI  and  mouse  monoclonal  ANA.  Nucleosome  release  in  the 
supernatant was measured with ELISA.

The NRF activity was significantly lower in SLE plasma compared to healthy 
donor plasma. Addition of healthy donor plasma to SLE plasma could not recover NRF 
activity, suggesting that SLE plasma contained inhibitors of NRF. Incubation of LACs 
with mouse monoclonal ANA inhibited NRF activity when healthy donor plasma was 
subsequently  added,  showing  that  ANA  interfere  with  NRF  activity.  To  obtain 
additional evidence that ANA inhibit NRF activity, SLE plasma was depleted from IgG 
and added to LACs. The NRF activity was recovered in 2/4 IgG-depleted SLE plasma. 
Interestingly, the NRF activity was still absent in the remaining two IgG-depleted SLE 
plasmas and the NRF activity could be recovered only after addition of healthy donor 
plasma.

In summary, we showed that ANA inhibit the NRF activity in plasmas from 
SLE patients. Moreover,  a (functional) NRF deficiency may explain the absence of 
NRF activity in a subset of SLE patients.

Introduction

Multicellular organisms produce excessive amounts of cells and unwanted or 
senescent  cells  have to be eliminated.  Elimination is  initiated by a process called 
apoptosis  or  programmed  cell  death.  Early  apoptotic  cells  (EACs)  express 
phosphatidylserine  on  their  outer  membrane,  which  triggers  their  uptake  by 
surrounding phagocytes.1,2 Soluble proteins such as  β2-glycoprotein-I,  clusterin and 
SAP bind to EACs and further promote apoptotic cell scavenger receptor mediated 
uptake by phagocytes. 3-6

Ongoing culture  of  EACs inevitably  results  in the occurrence of  secondary 
necrotic,  late  apoptotic  cells  (LACs)  in  vitro.7,8 In  the  presence  of  plasma, 
immunoglobulins and complement bind to LACs and promote their phagocytosis and 
these proteins may provide an essential backup mechanism in the removal of LACs in 
vivo.9-12 Indeed,  secretory-IgM  and  complement  deficiencies  are  associated  with 
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defective  clearance  of  apoptotic  cells  and  persistent  exposure  to  LACs  results  in 
development of autoimmunity and systemic autoimmune disease.13-17

SLE is a prototypic systemic autoimmune disease that is characterised by the 
production  of  autoantibodies  specific  for  ubiquitous  cellular  antigens,  especially 
antinuclear  antibodies  (ANA).  It  has  been  shown  that  apoptotic  cells  may  be  an 
important  source  for  autoantigens.18,19 Mice  that  are  vaccinated  with  abundant 
apoptotic cells develop ANA suggesting that the mere exposure to apoptotic cells and 
its contents may be sufficient for a temporary breakdown in self tolerance.20 

Despite a potential role for LACs in development of autoimmune disease, data 
on  the  fate  of  LACs  in  vivo is  lacking.  We previously  observed  that  LACs  show 
decreased nuclear staining with PI and a concomitant release of nucleosomes in the 
presence of whole plasma. A plasma serine protease, tentatively called nucleosome 
releasing factor (NRF), is involved in this process.21 This NRF activity is specific for 
LACs since no NRF activity is observed with primary necrotic cells.

In the present  study,  we investigated the NRF activity  in SLE plasma. We 
obtained evidence that NRF activity is inhibited in SLE plasma and that ANAs are 
involved in this inhibition.

Material and methods

Patients
Eighteen  SLE  patients  were  included  and  all  patients  gave  their  informed 

consent.  Patient  data  are  summarised  in  table  1.  A  SLE  disease  activity  index 
(SLEDAI) ³ 4 is considered as active disease

Recalcified plasma
Blood was collected from SLE patients and healthy donors in siliconised tubes 

with sodium citrate (10 mM final concentration) and immediately centrifuged for 20 min 
at 1300 x g at 4oC. Then the plasma was collected, transferred to a glass vial and 
recalcified with CaCl2 (10 mM final concentration) for 15 min at 37oC, followed by 30 
min incubation on ice for clot retraction. The clot was removed and the recalcified 
plasma was stored at –20oC until use. 

Materials
Mouse monoclonal  antibodies specific  for  histone-1 (CLB/ANA-12),  histone 

2A/B (CLB/ANA-18),  histone-3  (CLB/ANA-60),  nucleosome  (CLB/ANA-58),  double-
stranded  DNA  (CLB/ANA-109  and  CLB/ANA-123)  and  a  yet  unclassified  ANA 
(CLB/ANA-84)  were  developed  in  our  laboratory.22 CLB/ANA-58  and  CLB/ANA-60 
were  biotinylated  with  LC-biotin-n-hydroxysuccinimide  from  Pierce  (Rockford,  IL). 
Biotinylated monoclonal antibodies specific for IgM (CLB/MH15) and IgG (CLB/MH16) 
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Table 1.  SLE patient characteristics

Patient Gender Age SLEDAI1 Nephritis Predisone Farr2 ANA3

1 F 37 16 + + 55 1:160
2 F 48 2 - + 20 1:640
3 F 41 16 + + 7 1:320
4 F 39 2 - + 12 1:640
5 F 27 0 - + 17 1:2560
6 F 51 2 - + 139 1:10240
7 F 77 0 - + 6 1:10240
8 F 33 4 + + 126 1:320
9 F 37 4 + + 95 1:5120
10 F 50 2 - + 1 1:640
11 F 44 1 - - 11 1:2560
12 F 19 0 - + 5 1:320
13 F 40 8 + + 11 1:2560
14 F 50 0 - - 1 1:5120
15 F 27 0 - + 6 1:160
16 F 33 12 + + 1972 1:320
17 F 30 2 - + 17 1:320
18 F 43 2 - + 1 1:2560

1 SLEDAI = SLE disease activity index
2 Farr > 17 IU/ml is positive
3 ANA titer > 1:40 is positive

were obtained from Sanquin (Amsterdam, The Netherlands). Etoposide and propidium 
iodide (PI) were purchased from Sigma (St. Louis, MO), streptavidin-allophycocyanin 
(strep-APC) from Pharmingen (San Diego, CA) and annexin V-FITC from BenderMed 
(Vienna,  Austria).  Protein  G  Sepharose  was  obtained  from  Pharmacia  Biochem 
(Uppsala, Sweden).

Cell culture and apoptosis induction
Jurkat cells were maintained in culture medium (IMDM substituted with 5% 

foetal calf serum, penicillin, streptomycin and 50 μM b-mercaptoethanol) at 37oC in a 
humidified 5% CO2 atmosphere. Before apoptosis-induction cells were washed twice 
in  culture  medium  without  foetal  calf  serum  (CM-).  Cells  (1-2x106 cells/ml)  were 
incubated in CM- with 200 μM etoposide for 16 h. A 200 ml sample of this culture was 
incubated  with  1  ml  annexin  V-FITC  for  10  min  at  room  temperature  and  then 
propidium iodide (PI; 500 ng/ml final concentration) was added. A 50 ml sample was 
transferred to a microscopic slide, wet  mounted with  a cover slip  and immediately 
evaluated with a fluorescence microscope. The majority of cells were annexin V+ and 
PI+ double-staining cells with fragmented or condensed nuclei,  thus LACs, and the 
remaining cells were vital cells (annexin V-), EACs (annexin V+/PI-) or necrotic cells 
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(annexin  V+ and  PI+ double-staining  cells  without  nuclear  condensation  or 
fragmentation).

FACS analysis
Apoptotic  Jurkat  cells  were washed in  CM-,  transferred to  a  96-well  round 

bottom plate (1-2x105 cells/well)  and incubated with 10% recalcified plasma in CM- 

(100 ml/well) for 60 min at 37oC. Then plates were centrifuged and supernatants were 
collected for nucleosome ELISA. The cells were washed twice in 200 ml FACS buffer 
(10 mM HEPES pH 7.2 containing 150 mM NaCl, 5 mM KCl, 2 mM CaCl2,  2 mM 

MgCl2,  further referred to as FB) and 2  μg/ml biotinylated monoclonal mouse ANA 
(CLB/ANA 58 or -60) was added for 30 min at 4oC. Thereafter, the cells were washed 
with FB containing 250 ng/ml strep-APC and annexin V-FITC (1:200) and incubated 
for  20  min  at  4oC.  Finally  the  cells  were  washed in  FB and  PI  (500  ng/ml,  final 
concentration)  was  added.  The  cells  were  evaluated  with  a  FACSCalibur 
flowcytometer (Becton Dickinson, Mountain View, CA). annexin V–FITC fluorescence 
was detected in fluorescence channel 1 (FL1), PI fluorescence in FL2, and the strep-
APC  binding  to  biotinylated  antinuclear  antibodies  was  detected  in  FL4.  The  PI 
staining and ANA binding were expressed as the median fluorescence intensity (MFI) 
of at least 5000 cells.

Nucleosome ELISA
The release of nucleosomes from LACs was determined with a nucleosome 

ELISA, as described previously.8 In brief, plates were coated with 1  μg/ml ANA-60 
(anti histone-3 antibody) and incubated with supernatants of apoptotic cells. Then the 
plates were incubated with 1  μg/ml biotinylated ANA-58 (anti-nucleosome antibody) 
followed by incubation with streptavidin-horse radish peroxidase. Finally, plates were 
stained  with  tetramethylbenzidin/H2SO4.  For  calibration,  a  culture  supernatant  of 
serum deprived Jurkat cells (grown for 2 weeks) was used, and nucleosome levels 
were  expressed  as  arbitrary  units  (AU).  One  AU  approximates  the  release  of 
nucleosomes from 100 Jurkat cells.

Mouse monoclonal ANAs
To measure the effect of ANA on NRF activity, LACs were preincubated with 

mouse monoclonal ANA prior to incubation with plasma. The performance of these 
mouse  monoclonal  ANA  in  HEp2  binding  (ANA  titer),  Farr  assay  (quantitative 
determination of high-affinity double-stranded DNA antibodies), Crithidia luciliae assay 
(qualitative  double-stranded  DNA binding)  and  anti-histone  ELISA (with  or  without 
addition of double-stranded DNA) is summarised in table 2.

LACs (105/well) were preincubated with several dilutions (range 1-100 μg/ml) 
of mouse monoclonal ANA in CM- for 30 min at room temperature. Then cells were 
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washed three times in CM- and incubated with 10% human plasma in CM- for 1 h at 
37oC.  The cells  were  washed  twice  with  ice-cold  FB  and  stained  with  annexin  V 
(1:200) and PI (500 ng/ml), followed by flowcytometry.

Table  2.   Specificity  of  mouse  monoclonal  antinuclear  antibody  (ANA)  in  various 
autoantibody tests

Moab CLB/ANA
(specificity)

ANA1

ng/ml
Crithidia2

ng/ml
Farr3

IU/mg
Anti-histone

ELISA4
Anti-histone 

ELISA + ds DNA5

12 (histone-1) 80 neg neg + (H1) nt
18 (histone-2A/B) 310 neg neg + (H2A/B) nt
58 (nucleosome) 630 neg neg neg +
60 (histone-3) 160 neg neg + (H3) nt
84 (ANA) 310 neg neg neg neg
109 (ds-DNA) 200 600 neg neg +
123 (ds-DNA) 200 150 475000 + nt

1 HEp2 cell binding assay, lowest concentration showing positivity
2 Crithidia luciliae anti ds-DNA qualitative test for anti double-stranded DNA; lowest 
concentration showing positivity; negative  is >10 µg/ml
3 Farr assay, quantitative test for high-avidity double stranded-DNA (In plasma Farr > 15 IU/ml is 
considered positive)
4 Anti-histone ELISAs as described previously8

5 Anti-histone/ds-DNA ELISA as described previously8 ; nt = not tested 

IgG depletion of plasma
To study the influence of IgG ANA on NRF activity, some SLE plasmas were 

IgG-depleted.  Protein  G  Sepharose  was  thoroughly  resuspended  and  200  ml 
suspension was added to a 1.5 ml eppendorf tube and washed three times with 0.1 M 
glycine pH 2.5. Then the protein G Sepharose was washed two times with PBS and 
the supernatant was removed. 200 ml SLE or healthy donor plasma was added and 
the tube was incubated head-over-head for 2 h at room temperature. Thereafter, the 
tube was centrifuged and the supernatant was collected. The complete IgG-depletion 
procedure  was  performed  twice  to  ensure  complete  IgG  depletion.  LACs  were 
incubated with 10% undepleted or 10% IgG-depleted plasma for 1 h at 37oC and the 
binding of IgG and IgM and nuclear staining with PI was evaluated with flowcytometry. 
In a subset of experiments, LACs were incubated with 10% IgG-depleted SLE plasma 
substituted with 10% healthy donor plasma for 1 h at 37oC , followed by the detection 
of IgG and IgM binding, and PI staining.

Statistic analysis
Differences between groups were analysed with a student-t-test. Associations 

were investigated with a Pearson correlation (r) test. P-values < 0.05 were considered 
significant.
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Figure 1. Histone-3, nucleosome and PI staining of late apoptotic Jurkat cells after incubation with 
SLE plasma or healthy donor plasma. 
Cells were stained with annexin-V, PI (A) and with anti  histone-3 antibody (B) or with anti  nucleosome 
antibody (C). The dotted lines represent the MFI in the absence of plasma. (D) The relation between PI and 
anti histone-3 staining after incubation with SLE plasma (r = 0.93, P < 0.0001).

Figure  2.  Nucleosome  levels  in  supernatant  of  late  apoptotic  Jurkat  cells  after  incubation  with 
healthy donor or SLE patient plasma
(A). Nucleosome levels were measured with ELISA and were expressed as arbitrary units (AU). (B) The 
relation between PI staining and nucleosome release (r = -0.69, P =  0.002)
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Figure 3. Association between disease activity (SLEDAI) and NRF activity.
In (A) the SLEDAI is plotted against PI staining (r = -0.43, P = 0.04)  In (B) the SLEDAI is plotted against 
nucleosome release (r = 0.63, P = 0.005)

Results

NRF activity in plasma from SLE patients and healthy donor plasma

After  incubation  of  LACs  with  SLE  plasma  or  healthy  donor  plasma  the 
supernatant was collected for nucleosome measurement and LACs were stained with 
annexin V, PI and either anti-histone 3 or nucleosome antibody. LACs incubated with 
SLE plasma showed higher PI staining compared to healthy donor plasma (MFI 87 ± 
11 and 50 ± 1, P = 0.04, respectively; fig 1A). Likewise, incubation of LACs with SLE 
plasma resulted in a higher nucleosome staining (MFI 636 ± 69 and 323 ± 15, P = 
0.01 fig 1B) and a higher histone-3 staining (MFI 113 ± 11 and 74 ± 2, P = 0.04; fig 
1C). Staining of LACs with PI strongly correlated to histone-3 binding (r = 0.93, P < 
0.0001,  fig  1D).  A  similar  correlation  was  found with  PI  staining  and nucleosome 
staining (r = 0.92, P < 0.0001, not shown).  

Nucleosome measurements in the supernatants of LACs incubated with SLE 
plasmas contained significantly lower nucleosome levels compared to healthy donor 
plasma (276 ± 48 AU and 487 ± 458 AU, P = 0.02, respectively; fig 2A). Nucleosomes 
were  also  measured  in  SLE patient  plasmas and  healthy  donor  plasmas prior  to 
incubation with LACs and in the supernatant of LACs in CM- without plasma. In these 
samples nucleosome levels  were below detection limits,  showing  that  nucleosome 
release was a consequence of incubation of LACs with plasma. An inverse correlation 
between  PI  staining  and  nucleosomes  in  the  supernatant  was  observed  after 
incubation with SLE plasma (r = -0.69, P =  0.001; fig 2B).

We also  investigated  a  possible  association  between  the  disease  activity 
(SLEDAI)  and  the  NRF  activity.  A  significant  inverted  association  was  observed 
between the SLEDAI and PI staining (r = -0.48, P = 0.044; fig 3A). Also a significant 
association was observed between the SLEDAI and nucleosome release in the LAC 
supernatant  (r = 0.63,  P = 0.005;  fig 3B). One patient  with active disease showed 
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normal  decrease  in  PI  staining,  whereas  the  release  of  nucleosomes in  the  LAC 
supernatant  was  low.  Particularly,  this  patient  had  high  affinity  ds-DNA antibodies 
(Farr 1972 IU/mg). Apparently, these ds-DNA antibodies were unable to inhibit NRF 
activity (hence PI staining decreased) but interfered with the nucleosome ELISA in 
LAC supernatant (thus nucleosome detection failed). Interestingly, patients with active 
disease  showed  significant  lower  PI  staining  and  significant  higher  nucleosome 
release  compared  to  patients  with  inactive  disease,  P  =  0.014  and  P  =  0.02, 
respectively) 

The effect of SLE plasma on the NRF activity of healthy donor plasma
The lower NRF activity exerted on LACs in SLE plasma could have several 

possible explanations. The SLE plasma may merely lack the NRF protease or SLE 
plasma may contain an inhibitor of the NRF protease. Alternatively, exposure of the 
target of the NRF protease, most likely the nucleosome, is prevented. Therefore, we 
investigated whether SLE plasma might influence the NRF activity exerted by healthy 
donor plasma. Incubation with SLE plasma alone and with NHD plasma alone served 
as controls. As expected, the NRF activity was present in healthy donor plasma as 
shown by the reduced PI staining and this activity was absent in SLE plasma (fig 4). 
When SLE plasma was coadministered with healthy donor plasma, the NRF activity 
exerted  by  healthy  donor  plasma was  completely  inhibited,  showing  that  the SLE 
plasma was inhibitory. This inhibition of NRF activity by dilutions of SLE plasma was 
dose-dependent (not shown).

Figure 4. PI staining of late apoptotic Jurkat cells after incubation with healthy plasma, SLE plasma 
or both plasmas simultaneously.  The horizontal axis of the dotblot  represents annexin V staining, the 
vertical axis represents PI staining. The left dotblot represents ann-V/PI staining of LACs incubated with 
healthy donor plasma, the middle dotblot represents annV/PI staining of  LACs incubated with SLE plasma 
and the right dotblot represents annV/PI staining of LACs incubated with healthy donor plasma and SLE 
plasma simultaneously.  Note that LACs show decreases PI staining with healthy donor plasma and that 
decreased PI staining is absent with  SLE plasma. Moreover, healthy donor plasma is apparently unable to 
overcome the inhibition, which is observed with SLE plasma.
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The effect of mouse ANA on the PI staining of healthy donor plasma 
The observation that  SLE plasma contained an inhibitor of NRF activity  of 

healthy donor plasma suggested that ANA were involved in this inhibition. ANA bind to 
chromatin and may impair NRF function. To investigate this concept, apoptotic cells 
were  preincubated  with  monoclonal  ANA  and  then  incubated  with  healthy  donor 
plasma. Mouse ANA specific for double-stranded DNA (CLB/ANA-123), nucleosome 
(CLB/ANA-58 and -109) or a yet unclassified ANA (CLB/ANA-83) strongly inhibited PI 
staining of healthy donor plasma at concentrations of 100  mg/ml (fig 5). In contrast, 
ANA specific for histone-1 (CLB/ANA-12), histone-2A/B (CLB/ANA-18) and histone-3 
(CLB/ANA-60) at concentrations of 100  mg/ml displayed low inhibition,  or inhibition 
was absent (CLB/ANA-18 and CLB/ANA-12 and –60, respectively).

Figure 5. The effect of mouse monoclonal ANA on PI staining of late apoptotic Jurkat cells after 
incubation with healthy plasma.
LACs  were  incubated  with  100  μg/ml  ANA  prior  to  incubation  with  10%  healthy  donor  plasma.  The 
specificities of the ANA are shown below the graph. The MFI in the absence of plasma is 1500; the dotted 
line represents the PI staining of LACs incubated without plasma and the solid line is the PI staining after 
incubation with 10% plasma. Thus ANA-58 has the highest inhibitory activity on the decrease of PI staining 
exerted by plasma and ANA-12 the lowest (i.e. none).
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Depletion of plasma from IgG
The finding that SLE plasma and monoclonal ANA inhibited the NRF activity of 

healthy donor plasma hence strongly suggested that  ANA in SLE plasma may be 
involved in NRF inhibition. Four SLE plasmas were depleted from IgG (and thus IgG-
type  ANA) using protein  G and  the binding of  IgG to  LACs before  and after  IgG 
depletion was tested with IgG-specific monoclonal antibody.  The binding of  IgM to 
LACs was included as a control, showing that IgM binding was unaltered after IgG 
depletion.  After  IgG-depletion,  the  IgG binding  was  reduced  to  background  levels 
whereas  IgM  binding  was  not  affected.  NRF  activity  was  recovered  in  2/4  IgG-
depleted SLE plasmas (s3 and s4; fig 6) while IgG depletion of healthy donor plasma 
(n1) had no effect on NRF activity. In 2/4 IgG-depleted SLE plasmas (s1 and s2) no 
effect of IgG depletion on NRF activity was observed. The NRF activity in these two 
plasmas was recovered only after addition of healthy donor plasma, whereas addition 
of healthy donor plasma to the other IgG-depleted SLE plasma was largely ineffective.

Figure 6. PI staining of late apoptotic Jurkat cells after incubation with plasma, IgG-depleted plasma 
and reconstituted plasma.
The vertical axis represents the % of PI staining where 100% is the PI staining in the absence of plasma 
and 0% is the PI staining of LACs incubated with 10% plasma. LACs were incubated with 10% plasma 
(black bars) from four SLE patients (s1-s4) and a healthy donor (n) as a comparison. These SLE plasmas 
were also IgG-depleted by repeated protein G Sepharose column chromatography and 10% IgG-depleted 
plasma was added to LACs (white bars). Finally these IgG-depleted plasmas were reconstituted with 10% 
healthy donor plasma (grey bars). Note that IgG depletion of s3 and s4 recovers the decrease of PI staining 
to the level observed with the healthy donor plasma (n). In contrast, de decrease of PI staining in s3 and s4 
are only recovered with the addition of healthy donor plasma to the IgG-depleted plasma.
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Discussion

Incubation of  LACs with  healthy donor plasma results in a decrease in  PI 
staining of LACs and a concomitant nucleosome release. The release of nucleosomes 
is exerted by a plasma serine protease, referred to as NRF. Incubation of LACs with 
SLE plasma showed a significantly reduced NRF activity compared to healthy donor 
plasma.  Incubation  of  healthy  donor  plasma  with  SLE  plasma  showed  a  dose-
dependent inhibition of the NRF activity exerted by healthy donor plasma. As NRF 
exerts  its  activity  on LAC nuclei,  we  hypothesised that  ANA in  SLE plasmas may 
interfere  with  NRF  activity.  Preincubation  of  LACs  with  mouse  monoclonal  ANA 
inhibited the NRF activity of healthy donor plasma. Similarly,  we observed that the 
removal of ANA from SLE plasmas recovered the NRF activity in 2/4 IgG-depleted 
SLE plasmas. However, the NRF activity was unaffected by IgG depletion in the other 
two SLE plasmas and the NRF activity could only be recovered by the simultaneous 
addition of healthy donor plasma.

It  is  generally accepted that  apoptotic cells are rapidly cleared once PS is 
expressed  on  the  EAC membrane  and  phagocytes  express  numerous  scavenger 
receptors that directly recognise and internalise these EACs. Plasma proteins may 
further promote EAC clearance.1-4 Ongoing apoptosis in the absence of phagocytosis 
will inevitably result in the appearance of LAC, which can readily be observed in cell 
culture and is characterised by positive PI staining.7 It is still debatable whether LACs 
really occur  in vivo as they are mostly undetectable, even in tissues with high cell 
turnover,  indicating  that  apoptotic  cell  clearance  is  very  efficient.  However,  the 
observations  that  NRF  decreases  nuclear  staining  and  promotes  the  removal  of 
nucleosomes from LACs, suggest that LACs may not be stained with nuclear dyes at 
all.  

Until recently, the plasma protein exerting the NRF activity was unidentified. It 
is a protease that is inhibited by serine protease inhibitors.21 It has been shown that 
plasminogen is involved in the removal of nucleosomes from primary necrotic cells.23,24 

We also observed that purified plasmin exerted NRF activity on LACs.21 However, the 
NRF activity  in plasma could not  be attributed to plasmin and the NRF in plasma 
remains to be identified. Recently,  Factor VII-activating protease (FSAP) has been 
identified as a protease with NRF activity.25

The  NRF  activity  in  SLE  plasma  was  significantly  reduced  compared  to 
healthy donor plasma and ANA were involved in this reduction. Especially ANA with 
nucleosome  specificity  and  to  a  lesser  extent  ds-DNA  antibodies  inhibited  NRF, 
whereas ANA with histone specificity were largely ineffective. This suggests that NRF 
required binding to DNA to exert its activity. Also, the NRF activity could be restored in 
IgG-depleted  SLE  plasma.  Alternatively,  ANA  may  form  a  large  complex  with 
nucleosomes, which is simply too large to be released from the LAC, regardless of the 
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presence of NRF. In either scenario, ANA impair nucleosome release from LACs in 
SLE plasma.

Surprisingly, the NRF activity in SLE plasma was significantly associated with 
the SLEDAI. The NRF activity in plasma of patients with a higher SLEDAI score was 
comparable to the NRF activity in healthy donors, whereas the NRF activity in plasma 
of patients with inactive disease was significantly decreased. In contrast however, a 
recent pilot study with SLE patient sera selected for strong Farr positivity (data not 
shown) suggested that strongly Farr positive sera have significantly decreased NRF 
activity.  This difference between recalcified plasma and strongly Farr  positive  sera 
remains elusive. 

IgG removal resulted in the recovery of NRF activity in 2/4 SLE plasmas, but it 
had no effect in the other two SLE plasmas. NRF activity in the latter two plasmas 
could  be  restored  with  simultaneous  incubation  with  healthy  donor  plasma.  This 
suggested  that  these  SLE  plasmas  lacked  NRF.  It  is  tempting  to  speculate  that 
defective  removal  of  nucleosomes  from  LACs  in  NRF  deficient  plasma  may 
predispose to SLE in this subset of patients.

At present, it is still questionable whether the in vitro NRF activity exerted by 
plasma  has  any  physiological  relevance.  We  presume  that  the  NRF  activity  is 
important  for  appropriate  breakdown  and clearance  of  DNA from LAC in  a  whole 
plasma  environment.  The  presence  of  ANA  in  SLE  plasma  interferes  with  the 
physiological processing of LAC nucleosomes.
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